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1.0  SUMMARY  AND  RISK  ANALYSIS 


This  study  shows  that  low  AM-PM  conversion  can  be  obtained  over 
a  wide  instantaneous  bandwidth  by  using  a  broadband  circuit  with 
the  proper  dispersion  characteristics.  Circuits  having  the 
prescribed  characteristics  have  been  used  for  several  years  in 
high  power  coupled  cavity  tubes  at  Litton  Industries.  The 
circuits  were  not  developed  to  provide  low  AM-PM  but  to  provide 
high  power  operation  over  wide  bandwldths.  The  low  AM-PM  charac¬ 
teristics  are  an  additional  attribute  discovered  quite  accident¬ 
ally.  This  study  shows  why  tubes  using  these  circuits  have 
the  low  AM-PM  conversion  demonstrated.  Although  the  study 
utilized  an  X-band  circuit  (7.0  to  11.0  GHz)  the  results  are 
applicable  in  other  frequency  bands.  The  circuit  can  be  scaled 
directly  so  that  the  values  of  phase  velocity  and  impedance  are 
the  same.  The  loss  parameter,  which  increases  at  higher 
frequencies  due  to  skin  effect  losses,  can  be  decreased  by 
choosing  a  solenoid  design  which  utilizes  an  all  OFHC  copper 
circuit  to  minimize  losses. 

The  study  shows  how  the  tube  parameters  b,  QC,  and  d  affect 
AM-PM  conversion.  An  understanding  of  the  effects  of  these  parameters 
is  essentia]|||||  in  designing  low  AM-PM  tubes.  The  lossy  line 
tube  data  presented  in  Figure  3  shows  considerable  progress  in 
improving  the  AM-PM  performance  of  the  wideband  family  of  tubes. 

The  very  long  output  section  used  in  this  tube  provides  suffi¬ 
cient  small  signal  gain  even  at  10.0  GHz  to  produce  high 
saturated  power  and  low  AM-PM  conversion.  Comparison  with  Figure 
t  for  the  comparable  loss  button  tube  shows  Just  how  important 
the  long  outfut  section  is.  Further  improvements  yet  may  be 
obtained  using  even  longer  output  section  lengths.  More 
sophisticated  loss  patterns  can  be  used  now  that  the  basic  design 
procedures  have  been  proven  sound. 
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Two  preliminary  designs  which  can  satisfy  the  desired  specifications 
are  proposed.  In  Sections  3.1  and  3.2  these  designs  are  presented 
In  detail.  In  this  section,  we  sball  summarize  both  designs  and 
make  recommendations. 

Design  1  —  Wideband  Circuit.  Loss  Button  Stabilized 

This  circuit  would  be  scaled  from  our. present  wideband  button 
stabilized  family  of  tubes.  Figures  1  and  2  show  the  power  output 
and  AM-PM  characteristics  from  representative  samples  of  these 
tubes.  The  specified  band  is  shown  scaled  to  an  appropriate 
frequency  region  over  which  the  power  output  and  AM-PM  require¬ 
ments  are  met.  Note  that  the  band  is  oriented  near  the  lower  band 
edge  of  hot  tube  bandwidths.  It  has  been  shown  in  Section  2  that 
the  best  AM-PM  characteristics  are  found  at  the  low  frequency  end 
of  the  band.  The  proper  scaling  then  leads  to  a  hot  tube  band¬ 
width  of  14  -  22  GHz  for  this  tube.  The  scale  factor  from  the 
present  L-5511  Ku-Band  tube  is  .785:1. 

The  design  details  for  this  tube  are  presented  in  Section  3.1. 

The  gun  design  has  been  completed  and  a  modified  L-5511  gun  will 
be  used.  The  collector  will  also  be  the  L-5511  collector. 

The  risk  associated  with  this  design  is  the  minimum  of  the  two 
final  designs.  The  gun  design  is  completed.  The  solenoid 
design  is  straight-forward  so  the  focusing  problems  are  well  in 
hand.  The  loss  button  technology  for  stabilization  is  the  standard 
by  which  all  production  coupled  cavity  tubes  are  built.  The  cir¬ 
cuit  is  a  direct  scale  from  those  used  successfully  in  production 
tubes . 


The  only  problems  will  be  associated  with  the  higher  frequency 
high  end  of  the  tube.  The  L-5511  window  design  will  have  to  be 
modified  to  provide  a  good  match  up  to  about  20  GHz  beyond  whiimh 
sufficient  loss  will  be  used  to  stabilize  the  high  end  of  the  tube. 
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Design  2  --  Wideband  Circuit.  Lossy-Line  Stabilized 

The  circuit  for  this  design  would  be  scaled  from  the  I-Band 
lossy-line  tube,  the  L-5631,  S/N  2001.  The  hot  bandwidth 
would  be  12.0  -  18.9  GHz.  The  frequency  of  12.0  GHz  corres¬ 
ponds  to  7.0  GHz  and  18.9  GHz  corresponds  to  11.0  GHz.  This 
scale  factor  is  .585:1. 

Figure  3  shows  the  saturated  output  power  and  AM-PM  data  from 
the  L-5631  S/N  2001.  Superimposed  on  this  data  are  the  pro¬ 
jected  Ku-Band  scaled  frequencies.  The  purpose  of  this  figure 
is  to  show  the  relative  orientation  ot  the  objective  band  with 
relation  to  the  full  hot  band  of  the  tube.  Note  that  the 
14.5  -  17  objective  band  has  been  oriented  nearer  the  high 
end  of  the  hot  band  than  in  Design  1.  This  is  possible  be¬ 
cause  the  AM-PM  characteristics  are  better  for  the  lossy-line 
stabilized  tube.  It  is  advantageous  because: 

1)  The  size  of  the  circuit  is  maximized  making 
it  easier  to  build  and  capable  of  higher 
average  power, 

2)  The  similarity  is  very  close  to  the  present 
11  -  17  GHz  Navy  J-Band  in  that  the  gun, 
windows  and  collector  may  all  be  directly  used 
on  this  tube,  and 

3)  The  future  potential  for  a  full  12  -  18  GHz 
low  AM-PM  tube  is  very  good  with  some  im¬ 
provements  in  the  output  section  of  the 
tube  to  extend  the  present  performance 

to  18  GHz. 

I  The  main  problem  will  arise  in  implementing  the  lossy-line 
I  technology  at  Ku-Band  where  the  small  sizes  will  make  fabri¬ 
cating  difficult.  Some  redesign  of  the  lossy-line  assemblies 
will  be  necessary  to  overcome  constructural  difficulties. 
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2.0  EVALUATION  OF  THE  MECHANICAL  AND  ELECTRICAL  FEATURES 
WHICH  LIMIT  THE  ATTAINMENT  OF  THE  LOW  AM-PM  CONVERSION 
DESIRED  IN  A  TWT  WITH  THE  SPECIFIED  BANDWIDTH  AND 
OUTPUT  POWER _ ^ _ _ 

The  problem  of  minimizing  AM-PM  has  been  studied  both  by  reviewing 
past  efforts  reported  in  the  literature  and  by  means  of  large 
signal  computer  runs.  The  results  of  the  work  are  discussed  in 
this  section. 

AM-PM  conversion  is  defined  as  the  rate  of  change  of  output  phase 
with  respect  to  an  amplitude  change  of  input  RF  power.  It  is 
normally  defined  at  saturation  since  this  is  where  most  radar 
tubes  are  operated,  but  the  definition  can  be  used  in  a  broader 
sense  over  the  full  drive  power  range.  Figure  A  shows  the  rela¬ 
tive  phase  deviation  from  small  signal  and  AM-PM  conversion  as 
a  function  of  drive  power  for  a  typical  TWT.  In  the  small  signal 
region  both  the  phase  output  deviation  A<|)  and  the  AM-PM  conversion 
are  small.  As  the  tube  is  driven  into  large  signal  operation  the 
phase  deviation  increases  and  the  AM-PM  conversion  increases.  An 
average  AM-PM  conversion  could  be  defined  as  A(|>/APin.  A(|>  is  the 
total  phase  deviation  from  small  signal  to  saturated  large  signal 
operation  and  APin  is  the  corresponding  range  of  input  power. 

Note  that  in  Figure  Ab  the  AM-PM  conversion  actually  reaches  a  peak 
before  saturation.  It  should  be  mentioned  that  this  figure, 
although  typical,  does  not  represent  all  cases.  In  some  cases  the 
peak  AM-PM  occurs  at  saturation  or  beyond  and  may  be  positive  or 
negative.  Indeed  the  phenomena  is  very  complex;  the  long  list  of 
references  at  the  end  of  this  report  shows  a  good  number  of  re¬ 
searchers  have  studied  the  problem. 

Beam  et  al^  derived  a  relationship  which  predicts  phase  deviation 
In  TWTs  to  first  order.  They  found  that  phase  output  in  the  case 
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of  large  signal  operation  deviates  from  that  In  the  use  of 
small  signal  operation  by: 

^  U  degrees 

where  s  the  phase  deviation 

Po/Pdc  =  the  electronic  efficiency 
C  s  Pierce's  gain  parameter 
K  s  a  constant 

^The  implication  of  this  formula  is  that  the  phase  deviation  can 
be  reduced  by  maximizing  the  gain  parameter,  C,  and  minimizing, 
the  electronic  efficiency. 

An  heuristic  explanation  for  the  phase  deviation  is  that  in  the 
saturation  region  the  electron  beam  transfers  energy  to  the 
circuit  and  in  so  doing  slows  down.  The  phase  relationship 
between  the  beam  and  circuit  waves  which  existed  in  the  small 
signal  region  is  changed  and  the  difference  is  integrated  over 
the  saturation  region  of  the  tube.  Obviously  the  lower  the 
electronic  efficiency  is,  the  less  the  beam  slows  down  and  the 
lower  the  total  phase  deviation  is.  Also  the  higher  the  gain 
the  shorter  in  length  is  the  saturation  region  and  the  inte¬ 
grated  effect  is  less. 

Beam^  concluded  that  the  best  way  to  minimize  the  phase  deviation 
at  high  power  levels  was  to  "make  the  power-handling  capacity  so 
great  that  the  maximum  output  power  will  be  less  than  1  per  cent 
of  the  beam  power". 

One  way  then  to  achieve  the  required  AM-PM  conversion  would  be  to 
operate  the  tube  in  the  small  signal  region.  To  achieve  a  10  kW 
output  power  a  200  kW  saturated  tube  would  have  to  be  designed. 
Even  with  solenoid  focusing  a  design  over  the  required  bandwidth 
would  lead  to  quite  impractical  thermal  requirements  on  the 
slow-wave  structure.  The  requirement  for  a  grldded  gun  is  partic¬ 
ularly  difficult,  since  the  focusing  is  not  nearly  as  good  for 


a  grldded  gun  as  for  cathode  pulsed  operation.  Another  problem 
of  operating  the  tube  In  the  small  signal  region  Is  that  of  con¬ 
siderable  gain  and  power  variation  over  the  required  bandwidth. 


There  are  other  tube  factors  which  also  influence  such  as 
synchronism  parameter  b,  the  space  charge  parameter  QC,  and  the 
loss  parameter  d.  Other  researchers  *  '  *  have  measured 
AM-PM  and  discovered  some  important  second  order  effects.  In  partic¬ 
ular,  they  find  that  undervoltaging  the  tube  (that  is,  operating 
the  tube  at  a  voltage  less  than  that  voltage  which  produces  maximum 

small  signal  gain)  reduces  AM-PM  at  the  same  output  power  level. 

12  — — 

Linstrom  reports  measurements  that  show  minimum  AM-PM  when  operating 

at  a  beam  voltage  4%  lower  than  the  corresponding  to  the  maximum 

small  signal  gain.  In  addition,  he  measures  negative  as  well  as 

positive  phase  deviation,  an  impossible  result  from  the  Beam  theory. 

Both  Ober  and  Nishihara  verify  with  measurements  that  positive 

and  negative  phase  deviation  exists.  The  question  then  arises  whether 

or  not  there  exists  a  value  of  synchronism  parameter  b  at  which  the 

phase  deviation  is  exactly  zero.  Such  a  value  is  theoretically 

13  11 

predicted  by  Nilsson  .  Ober  postulates  that  in  addition  to  the 
positive  component  of  phase  deviation  due  to  loss  of  beam  kine^tic 
energy  that  there  is  a  negative  component  due  to  nonlinear  beam 
modulation,  and  that  it  should  be  possible  to  make  a  tube  in  which 
"the  negative  and  positive  components  cancel  each  other  so  that  the 
AM-PM  conversion  becomes  very  small".  Ober 'a  experimental  tubes 
showed  AM-PM  conversion  measurements  of  less  than  1°/dB  at  satura¬ 
tion  at  an  optimum  value  of  b  which  calculates  to  be  about  .95  Xi, 
where  is  the  maximum  small  signal  gain  parameter. 


We  have  investigated  the  dependence  of  AM-PM  conversion  on  the  tube 
parameters  b,  QC  and  d  using  a  large  signal  computer  program.  This 
computer  program  was  written  by  Dr.  J.  R.  M.  Vaughan  of 
Litton  Industries.  The  program  in  general  works  quite  well  in 
modeling  tubes  up  to  saturation,  but  does  not  work  satisfactorily 
beyond  saturation  in  the  overdrive  region.  We  are,  however,  most 
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Interested  in  studying  the  near  saturation  region  where  the 
nonlinearity  process  begins  and,  therefore,  the  program  is 
adequate.  We  have  run  some  test  cases  to  verify  that  the 
program  agrees  with  measurements  made  on  production  tubes.  The 
12-dlsk  model  runs  well  qualitlvely,  but  gives  results  about 
a  factor  of  2  higher  than  measurements.  The  24-disk  model  is 
closer,  but  is  of  course  more  expensive  to  run.  We  have 
used  the  12-disk  model  in  the  early  exploratory  work  for  economy 
and  then  used  the  24-dlsk  model  for  further  refinements. 

2 . 1  The  Synchronism  Parameter  -  b 

The  synchronism  parameter,  b,  is  a  measure  of  the  velocity 
difference  between  the  electron  beam  and  the  slow-wave  structure, 
b  s  0  represents  "synchronism”  when  the  beam  velocity  and 
circuit  velocity  are  the  same.  Positive  b  means  the  beam  travels 
faster  than  the  circuit. 


Figure  5  shows  how  the  tube  efficiency,  gain  per  wavelength,  and 
the  ratio  of  r|/GX  vary  with  b.  The  efficiency  and  gain  per 
wavelength  do  not  maximize  at  the  same  value  of  b.  Tubes  are 
generally  designed  to  operate  at  the  maximum  efficiency.  The 
length  of  the  tube  is  adjusted  to  meet  the  gain  requirement.  The 
ratio  of  efficiency  to  gain  per  wavelength  has  been  shown  earlier 
to  be  proportional  to  the  phase  deviation.  Consider  the  case 
when  the  tube  is  overvoltaged;  that  is,  b  is  greater  than  bo  the 
value  of  b  for  maximum  small  signal  gain  (in  this  case  b  a  1). 

The  efficiency  is  high  and  the  gain  per  wavelength  is  reduced  from 
its  maximum  value.  Thus  the  distortion  is  high.  The  greater 
the  overvoltaging  the  higher  the  distortion.  As  the  cathode 
voltage  is  reduced,  the  efficiency  falls  off  while  the  gain  per 
wavelength  first  increases  to  its  maximum  and  then  decreases  slowly. 
The  distortion  then  decreases  as  shown  until  the  gain  falls  off 
faster  than  efficiency,  at  which  point  the  minimum  distortion  has 
been  reached.  Of  course  the  situation  is  a  bit  more  complicated 
as  the  computer  results  will  show. 
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For  the  computer  model  a  hypothetical  tube  was  analyzed  which 
had  no  attenuator  or  sever  to  avoid  complicating  the  results. 

The  phase  velocity  of  the  circuit  was  varied  artificially  without 
changing  any  other  parameter;  thus  the  input  power  Pdc  was 
constant,  the  cathode  voltage  Vc,  and  cathode  current  Ic  were  con¬ 
stant,  the  circuit  parameters  Ko>  ^ot  were  constant.  Ko  is  the 
Interaction  Impedance,  oiq  Is  the  circuit  attenuation  and  ro  is  the 
tunnel  radius.  For  each  value  of  phase  velocity  there  was  then 
a  unique  value  of  b.  The  drive  power  was  varied  in  setps  from  a 
low  level  corresponding  to  an  electronic  efficiency  of  about  . 1% 
to  saturation  efficiency.  From  this  data  Figure  6  was  constructed. 
In  this  figure  AM-PM  conversion  is  plotted  as  a  function  of  output 
power.  Obviously  for  low  output  power  (<  60  dBm}  the  AM-PM  con¬ 
version  is  low.  For  high  values  of  b  (b  >  2.0)  and  low  values  of 
b  (b  <  .65)  corresponding  to  low  gain  (see  gain  vs.  b  chart  in 
upper  right  corner  of  Figure  6)  the  AM-PM  conversion  is  high.  Low 
values  of  b  also  correspond  to  low  efficiency.  It  is  interesting 
to  note  that  the  computer  program  shows  both  positive  and  negative 
conversion.  We  did  not  find  a  value  of  b  for  which  there  was  no 
phase  deviation.  We  did  find  a  range  .95  ^  b  ^  1.5  over  which 
AM-PM  was  low.  At  b  s  1.3  the  tube  has  0  AM-PM  at  saturation  at 
an  output  power  of  7A  dBm  (25  kW)  and  an  efficiency  of  16%. 

The  computer  study  was  continued  to  determine  over  how  wide  a 
bandwidth  low  AM-PM  could  be  obtained  at  a  single  value  of  cathode 
voltage.  The  circuit  we  analyzed  had  a  cold  bandwidth  from  7.2  GHz 
to  12.0  GHz.  Computer  runs  were  made  at  7.5  GHz  and  10.5  GHz  to 
obtain  the  optimum  value  of  b  at  these  frequencies.  The  data  is 
shown  plotted  in  Figures  7  and  8  respectively. 

The  data  at  7.5  GHz  (Figure  7)  shows  that  quite  low  AM-PM  levels 
may  be  obtained  at  this  frequency.  The  optimum  occurs  between  b  s  0 
and  b  s  .17.  In  Figure  8  the  data  at  10.5  GHz  is  plotted,  the  AM-PM 
minimum  is  around  b  s  1.36  and  the  minimum  value  of  AM-PM  is  higher 
than  at  midband. 
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Computer  runs  (24  disk  model)  were  made  at  7*5  GHz  and  10.5  GHz 
using  the  same  parameters  to  refine  the  12  disk  model  runs. 

Figure  9  shows  the  results  of  24-disk  model  runs  at  7.5  GHz 
plotted  on  the  same  scale  as  used  on  the  12-disk  model  runs. 

Comparing  the  12  and  24-dlsk  results  shows  good  agreement  with 
about  the  same  quantitive  results.  The  24-disk  runs  show  a 
slightly  positive  AM-PM  conversion  for  low  values  of  b. 

Figure  10  shows  the  plotted  results  of  the  24-disk  model  runs 
at  10.5  GHz.  Again  the  12  and  24-dlsk  model  results  are 
similar  with  the  24-disk  runs  showing  less  AM-PM  conversion 
which  was  consistantly  the  case  over  the  large  number  of  runs 
made . 

Figure  11  shows  the  same  24-disk  data  as  in  Figure  9  plotted  to 

a  different  abscissa,  namely  r\/C.  This  was  done  to  compare  the 
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results  with  the  work  of  Ezura  .  The  sign  of  the 
AM-PM  conversion  was  also  changed  to  agree  with  Ezura *s  convention. 
Figure  ,12  likewise  shows  the  same  data  as  Figure  10  plotted  on  the 
n/C  scale.  Figure  13  is  data  taken  from  Ezura's  paper.  Comparing 
Figures  11,. 12  and  13  substantially  the  same  kind  of  results  are 
seen.  As  the  synchronism  parameter  b  is  decreased,  the  AM-PM 
conversion  becomes  smaller.  The  range  of  AM-PM  and  n/C  compare 
well  with  our  results  as  well.  Ezura 's  calculated  data  comes 
from  a  Lagrangian  large  signal  theory,  a  method  quite  different 
from  the  one  we  are  employing. 

The  optimum  values  of  AM-^PM  at  7.5t  9>0  and  10.5  GHz  are  shown 
plotted  in  Figure  14,  Note  that  the  best  results  were  obtained  at  the 
low  frequency  end  of  the  hot  bandwidth.  These  values  are  the 
best  AM-PM  that  can  be  achieved  at  any  value  of  cathode  voltage 
and  they  do  not  Include  the  effects  of  attenuators  or  an  output 
section  that  is  too  short. 
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The  values  of  synchronism  parameter  b  at  which  the  minimum 
AM-PM  occur  are  plotted  in  Figure  ^5•  This  data  indicates 
that  the  optimum  circuit  is  one  having  a  constant  undervoltaged 
characteristic  with  Xj  ^  .6.  The  tube  circuit  is  undervoltaged 
over  the  entire  frequency  band  and  is  increasingly  more  under¬ 
voltaged  at  the  lower  frequency  end  of  the  band.  In  Figure  16, 
the  lossy- line  tube  design  for  the  output  power  section  is 
shown  for  33  kV  and  6A.  Note  that  locus  is  very  close  to  the 
optimum  condition  from  about  7.2  GHz  to  about  9«7  GHz.  The  circuit 
dispersion  diagram  is  shown  in  Figure  17.  The  line  labeled 
Uo  represents  the  velocity  of  the  electron  beam.  Higher 
values  of  cathode  voltage  would  be  represented  by  lines 
of  greater  slope  such  that  they  would  intersect  the  circuit 
dispersion  characteristics.  Note  that  the  circuit  velocity  is 
always  higher  than  the  beam  velocity  or  the  circuit  is  under¬ 
voltaged.  Note  too  that  the  undervoltaging  is  less  at  the 
high  frequency  end  than  at  the  low  frequency  end.  This  is 
precisely  the  dispersion  characteristic  required  to  produce  the 
optimum  AM-PM  demonstrated  over  the  full  bandwidth  at  a  single 
value  of  cathode  voltage. 

2,2  The  Space  Charge  Parameter  -  QC 

The  space  charge  parameter  is  a  measure  of  beam  perveance  and, 
circuit  quality.  Low  values  of  QC  occur  for  low  perveance  and 
high  circuit  interaction  impedance. 

It  seems  plausible  that  low  QC  is  advantageous  to  AM-PM  since  if 
the  circuit  forces  are  relatively  much  stronger  than  the  space 
charge  forces  then  nonlinear  effects  are  minimized.  The 
phase  distortion  and  harmonic  generation  must  also  be  decreased 
since  they  are  nonlinear  processes. 
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In  Figure  18  curves  from  J.  R.  Pierce's  "Traveling-Wave  Tubes" 
are  shown  which  show  how  the  gain  locus  varies  as  a  function  of 
QC.  For  high  values  of  QC  the  gain  falls  off  more  rapidly  with 
b  than  for  low  values  of  QC.  Thus  b  may  be  decreased  by  a  larger 
percentage  at  low  QC  before  the  gain  begins  to  decrease  rapidly, 
lower  values  of  n/GX  are  obtained  than  at  higher  QC.  The 
efficiency  is  higher  at  lower  QC  so  that  a  nearly  constant  power 
condition  is  reached  even  though  b©  -  bopt  is  higher  at  low  QC. 

It  Is  also  more  apparent  now  that  the  lowest  distortion  tube  is 
also  the  one  capable  of  the  highest  efficiency  if  it  were  run 

in  an  overvoltage d  condition.  The  parameter  C  should  be  maximum. 
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This  ensures  QC  is*  low  since  QC  a  1/C  . 


2.3  The  Loss  Parameter  -  d: 


The  loss  parameter  d  is  a  measure  of  the  circuit  loss. 

The  loss  per  cavity  has  a  very  important  influence  on  the  AM -PM 
conversion  in  a  TWT.  Figure  19  is  included  here  to  show  how 
loss  affects  the  AM-PM  conversion  in  the  loss  line  tube.  This 
computer  analysis  was  done  at  7.5  GHz  with  b  s  o.  Therefore 
b,  QC  and  C  are  all  near  optimum.  AMrPM  conversion  is  plotted 
as  a  function  for  P©  (dBm)  for  various  values  of  d,  the  loss 
parameter.  For  d  =  .2  which  is  near  the  correct  value  for  the 
loss  line  tube,  the  output  power  is  about  72  dBm  and  AM-PM  is 
about  1^/dB.  Doubling  the  circuit  lossf  d  s  .4,  results  in 
nearly  double  the  AM-PM  conversion  at  saturation.  The  saturated 
power  has  also  been  degraded  by  about  4  dB. 

Loss  should  never  be  Introduced  Intentionally  into  the  output 
power  section  which  is  the  length  of  the  tube  back  from  the 
^output  having  about  20  dB  small  signal  gain.  However,  the  circuit 


itself  has  Intrinsic  loss  due  to  skin  effect  losses  and  this 
cannot  be  avoided.  In  PPM  focused  coupled  cavity  tubes  where 
iron  pole  pieces  are  used  to  convey  the  magnetic  flux  from  the 
magnets  to  the  interaction  area,  the  iron  pole  pieces  should 
be  copper  plated  to  reduce  this  resistivity  to  as  low  a  value 
as  possible.  Solenoid  tube  circuits  which  are  fabricated 
from  bulk  OFHC  copper  have  the  lowest  intrinsic  resistivity 
possible. 

The  dependence  of  AM -PM  on  circuit  loss  has  been  treated  by 
both  Ober ^ ^  and  Nishihara^^.  Ober  contends  that  the  circuit  loss 
is  detrimental  because  it  limits  the  degree  of  saturation, 
the  beam  modulation  and  the  negative  phase  generation.  By  moving 
the  attenuator  section  toward  the  input  of  the  tube,  Ober  has 
demonstrated  significant  AM -PM  improvement.  Nishihara  made 
similar  measurements,  and  concluded  that  the  "phase  deviation 
Increases  exponentially  ....  when  the  length  of  the  output 
section  decreases  or  when  the  attenuator  is  shifted  towards 
the  output  side  . . . . ;  it  is  found  that  the  effect  of  the  atten¬ 
uator  is  negligible  when  the  small  signal  gain  of  the  output 
section  is  more  than  about  25  dB". 
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3.0  DEVELOPMENT  OF  DESIGNS  WHICH  COULD  SATISFY  THE  DESIRED 
SPECIFICATION  _ 


During  this  study,  several  designs  were  studied  which  could 
possibly  satisfy  the  requirements  of  the  contract.  Two  specific 
broadband  designs  received  considerable  attention  during  this 
study: 

1.  A  button  stabilized  tube  scaled  from  our  L-5388 
and  L-5511  designs. 

2.  A  loss  line  stabilized  tube  scaled  from  our 
L-5631,  S/N  2001  design. 

These  designs  are  discussed  in  detail  in  Sections  3.1  and  3.2 
respectively. 

Narrow  band  designs,  i.e.  designs  having  cold  bandwidths  approx¬ 
imating  the  hot  bandwidth  requirement  were  eliminated  primarily 
because  our  computer  results  and  laboratory  measurements  show 
the  AM-PM  requirement  cannot  be  met  over  the  high  frequency 
portion  of  the  band  with  a  saturated  tube.  We  did  consider 
operating  narrow  band  tubes  in  the  small  signal  region,  but 
limitations  were  placed  on  the  tube  slow-wave  circuit.  In 
addition,  large  output  power  variation  with  frequency  would  be 
expected  in  a  non-saturated  situation. 

3. 1  Design  I  --  Wideband  Circuit.  Loss-Button  Stabilized 

The  circuit  would  be  scaled  from  our  present  wideband  button 
stabilized  family  of  tubes.  Figures  20  and  21  show  the  power 
output  and  AM-PM  characteristics  from  representive  samples  of 
these  tubes.  The  specified  band  is  shown  scaled  to  an  appropriate 
frequency  region  over  which  the  power  output  and  AM-PM  requirements 
are  met.  Note  that  the  band  is  oriented  near  the  lower  band  edge 
of  hot  tube  bandwidth.  It  has  been  shown  in  Section  2  that  the 
best  AM-PM  characteristics  are  found  at  the  low  frequency  end 
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of  the  band.  The  proper  scaling  then  leads  to  a  hot  tube 
bandwidth  of  14  -  22  GHz  for  this  tube.  The  scale  factor 
from  the  present  1-5511  Ku-Band  tube  Is  .785:1. 

The  preliminary  mechanical  design  for  the  tube  Is  shown  In 
Figure  22.  We  have  chosen  solenoid  focusing  for  the  following 
reasons: 

1.  High  duty  -  The  specified  4%  level  could  be  achieved  with 
>  PPM  focusin^but  the  design  would  be  close  to  the  thermal 

limit.  By  chosing  a  solenoid  design  an  8%  level  could  be 
easily  obtained.  Since  the  long  term  objective  is  in  this 
8%  neighborhood,  it  Is  advisable  to  adopt  the  solenoid 
design  now. 

2.  Efficiency  -  Although  focusing  is  related  to  duty  factor, 

it  is  also  important  to  efficiency  since  electrons  collected 
on  the  circuit  cannot  contribute  to  the  amplification  and 
power  processes. 

3.  AM-PM  -  The  loss  per  cavity  has  a  very  important  influence 
on  the  AM-PM  conversion  in  a  TWT  as  has  been  shown  in 
Section  2.0.  An  all  OFHC  copper  circuit  will  provide  the 
minimum  possible  circuit  losses. 

The  solenoid  design  shown  in  Figure  22  is  similar  to  the  design 
used  for  a  high-power  Ku-Band  production  tube.  The  length  has 
been  increased  to  accommodate  the  circuit  length  required.  The 
colls  are  shown  wound  on  the  circuit.  There  are  five  colls  in 
the  center  portion  of  the  solenoid  and  two  larger  ones  near  the 
ends.  These  colls  are  wound  on  the  tube  after  exhaust.  They  are 
composed  of  many  wraps  of  thin  copper  tapes  separated  electrically 
with  thin  mylar  tape. 

The  colls  may  be  interconnected  in  series  or  parallel  depending 
upon  the  final  watt-ampere  characteristic  required.  The  return 
path  (shown  dotted)  is  placed  completing  the  magnetic  circuit. 

The  solenoid  is  cooled  in  series  with  the  tube.  As  shown  in  the 
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drawing  the  coolant  entera  the  collector  of  the  tube,  goes 
through  the  tube  circuit  to  the  gun  pole  piece  and  then  flows 
through  the  solenoid  from  Input  to  output.  Coolant  deflectors 
are  used  In  the  solenoid  to  force  the  coolant  to  travel  In  a 
zig-zag  path  around  the  colls.  The  coolant  output  is  shown  near 
the  output  end  of  the  tube. 

The  solenoid  field  was  determined  to  be  a  nominal  2500  gauss. 

The  field  will  be  tapered  near  the  Input  and  output  to  obtain 
the  optimum  characteristics  in  hot  test.  The  end  colls  are 
separately  accessible  for  this  purpose.  ^ 

.  The  predicted  transmission  without  RF  from  the  computer  runs  is 
99.5%.  (See  Figure  23.)  No  runs  have  been  made,  as  yet,  with 
the  3-dimenslonal  program.  However,  similar  tubes  have  been  run 
with  RF  and  shown  to  have  nearly  100%  transmission  with  the 
correct  output  taper. 

The  same  gun  used  in  the  present  Navy  J-Band  tube,  the  L-5511,  ,  ^ 

will  be  used  on  this  tube.  Because  Wie  beam  tunnel  la  now 
.amaller,  the  gun  placement  and  magnetic  field  had  to  be  determined. 
Dr.  J.  R.  Hechtel  and  his  staff  made  several  computer  runs.  The 
chosen  design  parameters  are  summarized  in  Table  1 . 

The  L-5511  window  cannot  be  used  on  this  tube  because  it  has  been 
designed  for  the  11-17  GHz  band.  The  match  above  17  GHz  deter¬ 
iorates  rapidly.  The  window  must  be  redesigned  to  operate  over 
the  14-22  GHz  band.  A  good  match  to  20  GHz  should  be  sufficient 
since  we  plan  to  put  considerable  loss  above  this  frequency.  The 
redesign  should  be  straight-forward  since  the  wide  bandwidth  has 
already  been  achieved  over  lower  frequency  bands. 

Preliminary  computer  runs  were  made  to  determine  gain,  power  and 
AM-PM  conversion  for  the  scaled  tube.  The  circuit  parameters  used 
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TABLE  1 

• 

Qun  Type 

L-5511 

Cathode  Diameter 

.400  in. 

Cathode  Half  Angle 

30® 

Cathode-Anode  Spacing 

.300  in. 

Heater  Voltage 

11  V 

Heater  Current 

3  amps 

Cathode  Voltage 

32  kV 

Microperveance 

.8  micropervs 

Cathode  Current 

5  amps 

Control  Grid  Voltage 

365V 

Focusing  Field 

2500  gauss 

Predicted  Beam  Transmission  (w/o  RF) 

99.5% 

Chosen  Design  Parameters 


were  the  same  as  determined  for  lossy-line  circuit  except  for 
circuit  loss  parameters.  Cold  test  parts  were  built  to  deter¬ 
mine  the  attenuation  as  a  function  of  frequency  across  the 
frequency  band.  The  cold  test  parts  were  made  out  of  OFHC  copper 
since  this  is  what  would  be  used  in  a  solenoid  focused  tube. 

The  results  of  a  typical  computer  run  at  15  GHz  are  shown  in 
Tables  2  and  3.  The  output  power  at  saturation  was  about  16  kW. 
The  large  signal  gain  was  63  dB  and  the  AM-PM  conversion  for 
-  3  dB  around  saturation  was  less  than  1^/dB. 

At  16  GHz  the  computer  results  are  shown  in  Tables  A  and  5.  The 
saturated  power  was  24  kW,  the  large  signal  gain  was  44  dB 
and  the  AM-PM  conversion  was  about  1°/dB  around  saturation. 

At  17  GHz  the  computer  results  are  shown  in  Tables  6  and  7. 

The  output  power  at  saturation  was  27  kW  and  the  large  signal 
gain  was  42  dB.  The  AM-PM  conversion  for  -  3  dB  around  saturation 
was  about  l^/dB. 


3.2  Design  II  —  Wideband  Circuit.  Lossy-Line  Stabilized 

The  circuit  for  this  design  would  be  scaled  from  the  I-Band  lossy- 
line  tube,  the  L-5631,  S/N  2001.  The  hot  bandwidth  would  be 
12.0  -  18.9  GHz.  The  frequency  of  12.0  GHz  corresponds  to  7.0  GHz 
and  18.9  GHz  corresponds  to  11.0  GHz.  This  scale  factor  is  .585:1. 

Figure  24  shows  the  saturated  output  power  and  AM-PM  data  from 
the  L-5631t  S/N  2001.  Superimposed  on  this  data  are  the  projected 
Ku-Band  scaled  frequencies.  The  purpose  of  this  figure  is  to  show 
the  relative  orientation  of  the  objective  band  with  relation  to 
the  full  hot  band  of  the  tube.  Note  that  the  14.5  -  17  objective 
band  has  been  oriented  nearer  the  high  end  of  the  hot  band  than 
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KUr.  lYPEi  TIMESHARING  (TMS)  OR  REMOTE  JOB  (RJE)  7  TMS 

INPUT  TATA  ON  FILE  (Y/N)  ?  N 

CASE  IDENTIFICATION  ?  I5GHZ 

BEAM  KV,  MU  P  ?  32.. 873 

cEAM  CURkENT  4.yv73  AMP 

TUNNEL  riA  (INCH).  li/A  ?  .Oy2..6 

rkcCUENCY  (GHZ)  ?  15 

TOTAL  NO.  OF  CAVITIES  (INCL.  SEVER  CAVITIES)  ?  38 
ANY  lAPERS  OR  STEPS  (OTHER  THAN  SEVERS)  (Y/N)  ?  N 

FOR  CAVITY  #1  AND  EACH  BREAK  POINT  ENTER  PHASc  VEL . ( M/S/ IE7) 

Ok  ENTER  -'S'  IF  SAME  AS  LAST  ONE  IN  ALL  PARAMETERS 
AF'lER  ;Nn  ?  EN'IER  IMPEDANCE.  LOSS(DB/CAV) .  CAV  PER IOD(  INCH) .  GAPdNCH) 
bREAKPGINT  NO.  I,  CAVITY  NO.  1  ?  10.05 

7  40,. 28.. I  57,. 048 

NUMPEk  OF  SEVER  CAVITIES  (MAX.  6)  7  2 

cNIEk  SEQUENCE  NUMBERS  7  16.17 
CHANGES  (Y/N)  7  W 

FILE  DATA  (Y/N)  7  N 

MEAN  POT.  DEP  -7 16. VI  VOLTS',  BEAM  VEL.  9.9972E+07  M/S 
UMBDA  E  «  6,66  MMl  BETA  E  =  942.7 

DISK  CHARGE  I .3882E-I I  CB 

PLASMA  VWLGTH  26.94  MM;  PLASMA  FREQ  2.44454E+I0  R/S 

REDUCED  PLASMA  FREQ  I.04658E+I0  R/S 
POT.  DEP.  FROM  SUM  OF  DISKS  -719.08  VOLTS 
VOLTS  AT  NODES  0  THRU  12  DUE  TO  DISC  AT  NODE  Oi 
-185.346  -118.214  -65.178-36.454  -20.503  -11.559  -6.526 

-3.6v2  -2.099  -1.211  -.729  -.493  -.422 

FIRST  SECTION  VALUES* 

BE1A(-I)=  937.8,  GAM.MA(-I)=  883.5,  CAMMA*A«1  .0323 

Ml  »  .9464.  M2  *  .8035 
TOTAL  IMPEDANCE  967  OHMS 
PIERCE-'S  C  =  .11602.  SMALL  B  =  -.045 
OC  *  .18553,  SMALL  0  =  .074 
ASYMPTOTIC  GAIN  3.26  DB/CAVITY 
PEAK  GAIN  3.93  AT  ABOUT  CAVITY  6 
PHASE  SHIFT  PER  CAVITY  *  214.3  DEG  (  1.I90PI) 

VOLTAGE  ATTENUATION  FACTOR  PER  CAV.»  .9683 
Ul*  404.49.  U3»  106.34,  U5«  12.84 
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RUN  lYPEt  TIMESHARING  (TMS)  OR  REMOTE  JOB  (RJE)  7  TMS 

INPUT  DATA  ON  FILE  (Y/N)  ?  N 

CASE  irtNIIFICATION  ?  16 

BEAM  KV,  MU  P  ?  32,. 873 

BEAK  CURRENT  4.9973  AMP 

TUNNEL  DIA  (INCH),  B/A  ?  .092,. 6 

FRlCUENCY  (GHZ)  ?  16 

TUIAL  NO.  OF  CAVITIES  (INCL.  SEVER  CAVITIES)  ?  38 
ANY  TAPERS  OR  STEPS  (OTHER  THAN  SEVERS)  (Y/N)  ?  N 

FOR  CAVIIY  AND  EACH  BREAK  POINT  ENTER  PHASE  VEL. ( M/S/I E7) 

OR  ENTER  'S'  IF  SAME  AS  LAST  ONE  IN  ALL  PARAMETERS 
AFTER  2Nn  ?  ENTER  IMPEDANCE,  LOSS(nB/CAV) ,  CAV  PERIOD! INCH) ,  CAP(INCH) 
BREAKPOINT  NO.  I,  CAVITY  NO.  I  ?  9.57 
?  I6,.2I ..lb/,.048 

NUMBER  OF  SEVER  CAVITIES  (MAX.  6)  ?  2 

eNTEix  SEQUENCE  NUMBERS  ?  16,17 
CHANGES  (Y/N)  ?  N 

FILE  DATA  (Y/N)  ?  N 

f 

MEAN  POT.  DEP  -716.91  VOLTS,  BEAM  VEL.  9.9972E+07  M/S 
LAMBDA  E  =  6.25  MMJ  BETA  E  =  100b. 6 

DISK  CHARGE  l.30l4E-n  CB 

PLaSMA' W.LGTH  26.94  MM;  PLASMA  FREQ  2 .444b4E-»' 10  R/S 

REDUCED  PLASMA  FREQ  1.10356E+10  R/S 
POT.  DEP.  FROM  SUM  OF  DISKS  -719.08  VOLTS 
VOLTS  AT  NODES  0  THRU  12  DUE  TO  DISC  AT  NODE  Ot 
-175.376  -114.889  -6b. 638  -38.023  -22.154  -12.942  -7.574 

-4.444  -2.623  -1 .b7b  -.990  -.696  -.607 

FIRST  SECTION  VALUES* 

BETA(-l)*  lObO.5,  GAMMA(-1)«  995. b,  GAMMA *A»1 . 1632 
MI  «  .9330,  M2  »  .7610 
TOIAL  IMPEDANCE  5b7  OHMS 
PIERCE'S  C  *  .08548,  SMALL  B  «  .522 
QC  »  .33473,  SMALL  D  =  .068 
PHASE  SHIFT  PER  CAVITY  *  240.0  DEC  (  1 .333PI ) 

VOLTAGE  ATTENUATION  FACTOR  PER  CAV.»  .9761 
Ul*  H04.49,  U3>  106.34,  U5«  12.84 
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VAIIoBt  TrtT  BEAU  WITH  ABSOLUTE  PHASE  OUTPUT  08/10/78 
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PnOGKAM  VAII6A 


ttU:.’  TYPE*  'lIMEbHARlNG  (TMS)  OH  REMOTE  JOB  (RJE)  7  TMS 
INPUT  IJ/TA  ON  FILE  (Y/N)  7  N 

CAbc  IDENTIFICATION  7  UPPER  F  . 

libAM  KV.  MU  P  7  32.. 87 3 

»EAA.  CURRENT  4.9973  AMP 

TUNNEL  DIA  (INCH),  B/A  7  .092,. 6 

rh.:CULNCY  (GHZ)  7  1/ 

TOTAL  NO.  OF  CAVITIES  (INCL.  SEVER  CAVITIES)  7  38 
ANY  lAPERS  OR  STEPS  (OTHER  THAN  SEVERS)  (Y/N)  7  N 

FOR  CAVITY  #1  AND  EACH  BREAK  POINT  ENTER  PHASE  VEL . ( M/S/ IE7) 

LH.  ENTER  ^S^  IF  SAME  AS  LAST  ONE  IN  ALL  PARAMETERS 
AFTER  TND  7  ENTER  IMPEDANCE.  LOSS(DB/CAV) .  CAV  PERIOD!  INCH) ,  CAPj(INCH) 
dREAKPOIMT  no.  I.  CAVITY  NO.  I  7  9.38 
7  12, .1b.. 157. .048 

NUMBER-  OF  SEVER  CAVITIES  (MAX.  6)  7  2 

ENTER  SECU^NCE  NUMBERS  7  16,17 
CHANGES  (Y/N)  7  N 

FILE  DATA  (Y/N)  7  N  .  . 

MEAN  POT.  DEP  -716.91  VOLTS,  BEAM  VEL.  y.9972E+07  M/S 
LAMBDA  E  =  5.88  MM;  BETA  E  =  1063.4 

DISK  CHARGE  l.224bE-ll  C3 

PLASMA  RVLOTH  26.94  MM;  PLASMA  FREG  2.444b4E+10  R/S 

REDUCED  PLASMA  FREQ  I . I b858E+l 0  R/S 
PCT.  DEP.  FROM  SUM  OF  DISKS-  -719.08  VOLTS 
VOLTS  AT  NCDES  0  THRU  12  DUE  TO  DISC  AT  NODE  0* 

-166.417  -111.642  -65.823  -39.330  -23.641  -14.252  -8.610 

-5.218  -3.185  -1.982  -1.293  -.941  -.832 

rlhST  SECTION  VALUES* 

dETA(-1)»  113b. 7,  GA.V.MA(-1)=  1081.6,  GAM?TA*A=  1 .2637 
Ml  ■  .V216,  M2  =  .7277 
TOTAL  IMPEDANCE  bbO  OHMS 
PIERCE«'S  C  =  .0/767,  SMALL  B  «  .847 

OC  =  .39684,  SMALL  D  »  .049 

PHASE  SHIFT  PER  CAVITY  =  260.2  DEC  (  1.44bPI) 
yULlAGc  ATTENUATION  FACTOR  PER  CAV.=  .y829 
U1»  404.49,  U3»  106.34,  Ub*  12.84 


TABLE  t 
VAllBA  -  nerHt 


.CAbtEi  UPPER  F 

USc  12  Cil  24  DISC  MODEL 

Di;IV£  POWER.  WATTS  ?  I 
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In  Design  1.  This  is  possible  because  the  AM-PM  characteristics 
are  better  for  the  lossy  line  stabilized  tube.  This  is  advan¬ 
tageous  because: 


1)  The  size  of  the  circuit  is  maximized  making 
it  easier  to  build  and  capable  of  higher 
average  power, 

2)  The  similarity  is  very  close  to  the  present 
11-17  GHz  Navy  J-Band  in  that  the  gun, 
windows,  collector  may  all  be  directly  used 
on  this  tube,  and 

3)  The  future  potential  for  a  full  12  -  18  GHz 
low  AM-PM  tube  is  very  good  with  some  im¬ 
provements  in  the  output  section  of  the 
tube  to  extend  the  present  performance 

to  18  GHz. 


The  mechanical  design  for  the  lossy-line  tube  is  similar  to  that 


w 

shown  in  Figured  for  the  loss  button  tube.  The  L-5511  gun, 
windows  and  collector  will  be  used  directly  in  this  tube. 


Construction  of  the  circuit  Itself  is  similar  to  that  of  the 
I-Band  lossy-line  tube.  Figure  25  is  a  drawing  of  the  pole  piece 
used  in  this  tube.  The  four  loss  line  holes  are  shown  disposed  at 
90°  to  one  another.  Two  of  the  holes  are  used  exclusively  for 
in-band  loss,  and  two  are  used  exclusively  for  upper  cutoff  loss. 

It  is  necessary  to  have  two  in-band  loss  lines  to  prevent  the  large 
perturbation  caused  by  in-band  loading  to  accumulate  in  an  asymmetric 
manner.  Two  upper  cutoff  lines  are  advlseable  to  distribute  the 
dissipated  power  over  as  much  area  as  possible.  The  fabrication 
of  the  loss  lines  is  also  made  simpler  because  each  one  is  coated 
with  only  one  type  of  coating.  Figure  26  shows  the  loss  coatings 
used  for  each  type  of  loss  line.  The  upper  cutoff  lines  use  a  thin 
stripe  of  loss  as  shown  in  Figure  26a.  This  produces  a  low  refer¬ 
ence  loss  and  a  high  "Q”  resonance.  The  in-band  coatings  are  shown 
in  Figure  26b.  Here  a  thicker  coating  covering  the  entire  circum¬ 
ference  is  used  to  produce  a  high  reference  loss  and  a  low  **0”  resonance 


ALUMINA 


Figure  27  shows  the  match  and  insertion  loss  for  the  output 
section  of  S/N  2001.  Note  that  the  loss  at  the  low  frequency 
end  of  the  tube  is  low  Q  and  is  spread  out  from  7.0  to  about 
10.0  GHz.  Note  too  that  the  loss  rolloff  at  the  high  end  of 
the  band  is  sharp  or  high  Q.  This  is  the  loss  profile  needed 
to  stabilize  a  lossy-line  tube. 

The  circuit  layout  for  the  L-5631,  S/N  2001  is  shown  in 
Figure  28.  We  expect  the  layout  for  the  proposed  tube  to 
be  very  similar  with  some  additional  cavities  added  to  compen¬ 
sate  for  the  lower  small  signal  gain  expected  at  the  lower 
current  design  value  (Ik  =  5A).  The  I-Band  design  is  included 
here  to  show  how  the  final  design  will  be  approached. 

For  the  layout  shown  in  Figure  28,  large  signal  computer  runs 
were  made.  The  first  tube  sub-section  is  an  8-cavity  launch 
section.  This  section  is  low  loss  and  nearly  unloaded  to  pro¬ 
vide  good  gain  at  the  band  edges  of  the  tube.  There  is  upper 
cutoff  loss  to  lower  the  "2ff'’  frequency  gain.  This  section  is 
followed  by  a  heavy  attenuator  sub-section  which  when  combined 
with  the  launch  section  makes  up  the  input  section  of  the  tube. 
Calculated  gain  for  the  input  section  shows  about  24  dB  small 
signal  gain  with  about  6  dB  gain  variation  mostly  at  the  high 
end  of  the  band.  After  the  input  section  the  loss  rods  are 
interrupted  by  a  manifold  cavity  and  the  circuit  is  severed  in 
the  conventional  manner.  This  provides  60  -  80  dB  Isolation 
between  the  input  and  output  sections.  There  are  three  sub¬ 
sections  that  make  up  the  output  section.  four-cavity  lightly 
attenuated  section  plus  an  eight  cavity  unloaded  section  combine 
to  provide  a  12  cavity  low  loss  power  sectlon^^  This  is  essential 
to  achieve  the  desirable  AM-PM  and  efficiency  characteristics  at 
the  high  end  of  the  band,  /rhe  light  attenuator  cavities  are 
necessary  to  prevent  excessive  gain  from  7.2  -  8.0  GHz^and  to 
allow  some  equalization  by  the  heavy  output  attenuator.  The 
calculated  small  signal  gain  of  the  output  section  is  on  the 
order  of  36  dB  with  a  -  4  dB  variation  across  the  band. 
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The  upper  cutoff  "211'*  frequency  In  the  loaded  section  will  be 
about  11.25  GHz.  The  design  loss  Is  3  dB/Cav.  at  11.25  GHz. 

The  upper  cutoff  loss  resonance  Is  designed  to  be  at  11.5  GHz. 

The  three  frequencies  chosen  for  the  large  signal  runs  were 
7.5  GHz,  9  GHz  and  10.5  GHz.  The  results  of  the  large  signal 
computer  run  at  7.5  GHz  are  shown  In  Figure  29.  In  the  launch 
section  the  gain  rate  Is  very  high  but  Is  then  sharply  reduced 
In  the  attenuator  region  so  that  the  net  gain  Is  about  24  dB 
at  the  sever.  After  the  sever  the  gain  rate  Is  still  curtailed 
by  the  attenuator.  Even  In  the  power  section  the  gain  rate  does 
not  Increase  until  the  last  8  cavities.  The  tube  saturates  at 
about  20  kW  and  56  dB  large  signal  gain.  AM-PM  at  saturation 
Is  about  1.3^/dB  as  calculated  from  the  12-dlsk  model. 

The  computer  results  at  midband  (9  GHz)  are  shown  In  Figure  30. 
The  effect  of  the  attenuator  Is  smaller  at  9  GHz.  The  gain 
rate  Is  almost  constant  throughout  the  tube.  The  tube  saturates 
at  about  22  kW  and  a  large  signal  gain  of  about  49  dB.  At 
saturation  the  AM>PM  calculations  show  1^/dB. 


In  Figure  31  the  computer  results  at  10.5  GHz  are  shown.  The 
gain  rate  Is  low  and  some  power  Is  transferred  outside  the 
power  section  Indicating  that  It  Is  not  quite  long  enough.  The 
calculated  output  power  Is  16  kW  and  the  gain  Is  about  41  dB. 

At  saturation  the  calculated  AM-PM  Is  about  1.2^/dB. 
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